Co hoc may TS Phan Tan Tung
Chwong 12 BQ TRUYEN BANH RANG

1. Khai niém chung

Coéng dung: bd truyén banh rang truyén
chuyén dong va mémen xoan gitra 2 truc
gan nhau, lam viéc theo nguyén ly an khép



Co hoc may TS Phan Tan Tung

Phan loai theo vi tri cac truc:

banh rang ngoai | banh rang trong



Phan loai theo phwong rang so v&i dwong sinh:

rang cong rang chir V



Phan loai theo bién dang rang: bién dang than khai, bién dang cycloid,
bién dang Novikov

Involute e S —
tooth | NovT
profile VoA

b &

oy e

/ L
Base T
Circle e

1 DO WRIGHT, LWA

i) (= (] .
instantaneous
Certre

Hormal to a Cycloid

Generating Cycloidal Tooth Profiles




Phan loai theo chiéu nghiéng ctuia rang: nghiéng trai, nghiéng phai

Nghiéng phai
Nghiéng trai

Phan loai theo hé do Iwong: banh rang hé mét, banh rang hé anh
Wu diém:

» Kich thwé'c nhé, kha nang tai lon

e Ti s6 truyén khéng doi

« Hiéu suat cao, tudi tho cao

Nhwoc diém:

« Ché tao phtrc tap, doi hoi dd chinh xac cao

« Gay on khi Iam viéc & van toc cao



e
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2. Théng s6 hinh hoc banh riang tru

, o o 2 bién dang rdn
2.1 Banh rang tru rang thang e e

Bwécrang P =7.M

Moédun m (tiéu chuan tra trang 195)
Day 1:11.251.522534568101216 20 25 |
Day 2: 1.1251.3751.75 2.25 2.75 o

3.54.555791114 18 22

Sorang Z (Z. =17)

mir“ _ Chiflu cao
PDwong kinh vong chia d =m.Z  44u rang

Khoang cach truc Chafy can
chan rang
,_Oi+dy _ m(Z, +Z,)
2 2 hudng kinh



2.2 Banh rang tru rang nghiéng
Pn

Bwdc phap p, Bwéc ngang p. = c0s 7

Médun phap m, (tiéu chuan trang 195)

My

véi [/ la goc nghiéng rang
cos /3

Moédun ngang m, =
banh rang nghiéng chon 8°< 5 <20°
banh rang chir V chon 30°< 5 <400

Pwong kinh vongchia d =m.Z =

Pbwéng kinh vong dinh  d_, =d +2m,
Pwong kinh vong chédn  d; =d - 2.5m,

Khoang cach truc a= mS(Zl + ZZ) _ mn(zl T Zz)
2 2¢c0s 3




3. Lwc tac dung va tai tronqg tinh

3.1 Phan tich lwc tac dung trong banh rang

Lwc an khop F, dwoc phan tich thanh 3 lwc theo 3 phwong vudong goc
nhau.

« Lwc vong F, c6 phwong vudng goc truc (khéng cat truc)

2T
dy
* Lwc hwédng tam F, co phwong vuong goc truc
F - F tan o,
cos [

* Lwc doc truc F, c6 phwong song song truc

F,=FKtan g

|:t
cCosa,, COS f3

e Lwcankhép F, =



Chu dong,

Fi=-Fy
Fr1= “Tr2
I:a1= "1 a2
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Chieu cua cac lwc:

e Lwc F, : trén banh dan ngwoc chiéu quay, trén banh bi dan cung chiéu
quay

e Lwc F, : luon ludon hwéong vao dworng tam truc banh rang

* Lwc F, : luén luén hwong vao mat rang lam viéc

3.3 Tai trong tinh

Tai trong tinh (dung dé tinh toan) bao gom tai trong danh nghia va tai
trong phu phat sinh trong qua trinh an khép

P=KP4, hoac T=KT, hoac F=KF,,
Khi tinh tng suat tiep xtc K=K,= K, Ky, Ky,
Khi tinh (rng suat uon K=Ke= Kgg Key Keg
V&i K.y, Key : hé s0 tap trung tai trong (bang 6.4)
Ky Key : hé s0 tai trong déng (bang 6.5 va 6.6)

Ky K, : hé sO xét dén phan bo tai khéng déu gitra cac doi rang ,,
(trang 213)



4. Hiéu suat cua bo truyén banh riang

Hiéu suat P,

==

P
Véi P, 1a cdng suat trén truc dan
P, 1a cong suat trén truc bi dan

Théng thwérng doi véi
* b truyén banh rang tru béi tron lién tuc bang dau n = 0,97+0,99
* b truyén banh rang tru béi tron dinh ky bang m& n = 0,93+0,95
* bé truyén banh riang cén béi tron lién tuc bang dau n = 0,95+0,98

* b truyén banh riang cén béi tron dinh ky bang mé n = 0,92+0,94
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5. Vat liéu va nhiét luyén banh ranqg

Yéu cau: doé bén cao, dd ctrng cao,ré tién
Vat lieu: thwong chon gang hoac thép (cacbon, hop kim)
Nhiét luyén: thwong hoa, téi cai thién (HB<350)
toi thé tich, toi bé mat, tham than, nito (HB>350)
Pac diem:
« HB<350 cat got sau nhiét luyén nén khéng can gia cdng tinh lai
« HB>350 nhiét luyén sau cat got nén can gia cong tinh lai sau nhiét luyén

« Pé chay mon tétthi H, > H, + (10~15)HB
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6. 'ng suit cho phép

6.1 Ung suét tiép xuc
 Thép

. . O-9KHL
Khi tinh toan thiet ke [GH ]: O0H lim

SH

Vé&i Ggyjim» Sy tra bang 6.13

2.4
. > N NHO — BOHB
hé sé tudithg Ky =My —HO Vo

(néu K, <1 chon K, =1) B

3
. . T;
Néu tai thay doi theo bdc N = GOCZ( | j n;t;

max

KuLZrZy K Ky

SH

Khi tinh toan kiém nghiém [0y |= oon iim
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« Banh rang tru rang thang [6,] = min([o4,].[04.])

« Banh rang tru rang nghiéng [oc_] = 0,45([c,,]t[04,])

Gang

Gang xam o] = 1.5 HB

Gang c6 dé bén cao [c,] = 1.8 HB

e Phi kim loai

Tectolic [oy] = 45 ~ 60 MPa

Lignofon [c,] = 50 ~ 60 MPa

15



6.2 Ung suat udn

*Thép
. g . « K K KFL
Khi tinh toan thiet ke [GF ] =O00Elim—
Vé&i 6y, Se tra bang 6.13 SF
.z NEo 2 6
hé so6 tuoi tho Kgl =M N vol N5 =5.10
(néu K-, <1 chon K =1) FE me =6 khi HB<350

me =9 khi HB>350

m
, , T )"
Néu tai thay déi theo bac N . = GOCZ( | j nit.

max

X KeLYRYxYsKEc
Khi tinh toan kiem nghiém [UF ] = O0F lim SX
F
_O- - 0—1
* Gan OF 1=
? [s]K,

« Phi kim loai [0F ]=15+20 MPa 16



7. Dang hong va chi tiéu tinh

7.1 Dang hong
Co6 5 dang héng xay ra trong bd truyén banh rang

* Troc roé bé mat rang do sw thay doi ciia tpng suat tiép xuc

A |.-' .-'I-"I'-:'_
g . 3

e e

' 1 LR B S S——

T ey =

I PR — i e

Tréc ré bé mat
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« Gay rang do qua tai hoic do sw thay déi ctia rng suat udn




 Mon rang do trwot bién dang

* Dinh rang do nhiét d6 va ap suat cuc b cao tai vung tiep xuc
« Bong bé mat rang do nhiét luyén kém

- Bién dang déo bé mat rang do co’ tinh vat liéu kém

Dang héng co ban: tréc ré bé mét va gay riang do moi

7.2 Chi tiéu tinh

Tinh theo trng suat tiép xuc dé tranh tréc ré bé mat rang

19

Tinh theo trng suat udn dé tranh gay rang do moi uén



Trwérng hop bd truyén dworc che kin va boi tron tot

flank pittinig -
suace fatigue

« Thiét ké theo chi tiéu tiép xac

 Kiém tra bén theo chi tiéu udn

2 roat cracking -

/herﬂngfatlgue

Trwong hop bd truyén dé hé va boi tron kém
» Thiét ké theo chi tiéu uon
« Kiém tra bén theo chi tiéu tiép xac

8. Tinh bén bd truyén banh rang tru rang thang

8.1 Tinh theo chi tiéu tiép xuc
Tinh (rng suat tiép xuc khi F_, & vi tri tdm an khép

Cdng thirc Hetz cho 2 hinh tru tiép xic ngoai

OH :ZMW/;I—;)S[O-H]

Hesévatlieu - _ \/ 2E, E,
=
AlE,(L— pf) + E (L— p43) 20




Ban kinh cong twong dwong
1 1 N 1 2 N 2 2 utl

- = T = - o - — X .
o p pr dyusSinae dy,sina d, Uusina

Tai trong phan bo

Ky F
Qn:Hn

ln

7?2 ‘ 3

2
= o KyR _ 2KT,Z
" lycosa b,d, cosa

Thay tat ca vao céng thirc Hetz

21




Cdng thirc kiém tra bén

__ZuZnZ, 2KHT1(ui1)S[O_]
H d,, b,,U i
Z,, =275V MPa

Vat liéu thép — thép

Ly = _2 = |— 2 0:1.76 Z, =
sin 2¢,, sin(2x 20°)

dy,: dwéng kinh vong chia (1an) banh rang 1

Cdng thirc thiét ké (Khoang cach truc)

KusT
NP 1
Woaloy 17U
Voi y, = Dy tra bang 6.15

Ay
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8.2 Tinh theo (rng suat uon

Tinh (rng suat khi lwc F_ & dinh rang

- R cosa' .. ERsinga'
F/ =F,cosa'= " F/ =F sing'=——"
COSx COSx

ng suat danh nghia & chan rang
oc=0,—-0,

ng suat & chan rang

o=(oy, —op)K,
K_: hé so tap trung (rng suat & chan rang

/ / | - |
oo Rl F K, = 6Ftlzcosa _ FRsina K,
W, A b,s°cosa b,Scosa

O

_ KeFR (Gmlcosa'_ msin a'j « _ KeYeh

mb, \ s®cosa  SCOS& mb,, *



Hé so dang rang

V. — 6mlcosa’ msina' K
F_ - ]
s°cosa scosa ) °

Y. phu thudc so rang Z va hé so dich chinh x, khéng phu thuéc médun m

132 279X o 00) 2

KeFYe
b,,M
2KETYE

Z12 Wdloe]

Ye =347+

Cong thirc kiém trabén of = <[oke]

Cdng thirc thiet ké (md dun) m> i/
bW

V&i Ybda = trabang 6.16
dwl

Thwong chon Z, =17 rang 24



9. Tinh bén bod truyén banh rang tru ring nghiéng

9.1 Pic diém trong tinh toan
 Lam viéc ém

» Cong do tai trong trén rang bé

« Pwérng tiép xic nam nghiéng trén mét rang

 Thay banh rang nghiéng bang banh rang tru rang thang twong dwong

d
cos® f3

Bwong kinh banh rang twong dwong d, =

g Z
S0 rang banh rang twong dwong Z,=——>
cos” 3

25



9.2 Tinh theo (rng suat tiép xic
Cdng thire thiét ké

aW:4%uiD#

Yha [GH ]2 u

Cdng thirc kiém tra bén

ZuZyZ, \/ZKHTl(u +1)
GH —

d,g b, U

2 COS

SIN(2 % aty, )

<[on]

26



9.3 Tinh theo trng suat uon
Cdng thire thiét ké

2K-T,YeYY
mnzi/ 2|: 1TET:Tp
Ziypgloe]

Cdng thirc kiém tra bén

O = >0
= <o
Vi Y =347+ 2 219% L 092x?2
\" Vv

Pt
‘905

ﬁO

Y,=1-_

£ 7 140
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10. Truyén dong banh ring nén ;(
10.1 Théng sb hinh hoc e

e M6 dun trén mat mut Ion m,

(tieéu chuan trang 195)
« SO rang Z

 DPwong kinh vong chia ngoai
d, =m,Z
M6 dun trung binh

My, =M (1-0.5p/,)
 DPwong kinh vong chia trung binh |
dy, =m,Z *
ey b
‘Hé sO Wpe = R thwong chon v, =0.25+0.3
e

28



 Bé réng banh rang b

« Chieu dai dwérng sinh mat nén chia

m
Re =\ 2f +23
« G6c dinh nén chia 07 +0, = 90°

VA 1 VA
5, =arctan| =L |= arctan(j 5y = arctan[zj =arctan(u)
10.2 Lwc tac dung va tai trong tinh

10.2.1 Lwc tac dung

Lwc an khop F, dwoc phan tich thanh 3 Iwc theo 3 phwong vuong goc
nhau.

Lwc vong F, co phwong vuong goc truc (khong cat truc)
2T,
Fo=Fp = d—
. ~ . ml n .
Lwc hwong tam F, co phwong vuong goc truc

F=F,, =F tanacosod, 29






e Lwc doc truc
F=F, =F tanasino;
Chieu cua cac lwc:

e Lwc F, : trén banh dan ngwoc chiéu quay, trén banh bi dan cung chiéu
quay

e Lwc F, : luon ludon hwéong vao dworng tam truc banh rang

e Lwc F_ : luén luén hwéng ngwoc véi dinh nén

10.2.2 Tai trong tinh

Khi tinh (rng suat tiep xic K=K,= K, K,

Khi tinh (rng suat uon K=Kg= Keg Key

Vé&i K5, Kep - hé s0O tap trung tai trong (bang 6.18 va cong thirc 6.105)
Kay, Key @ hé so tai trong dong (bang 6.17)
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10.3 Tinh bén b truyén banh riang nén rang thang
10.3.1 Pac diém tinh toan

« ng suét tiép xuc va trng suat uén khéng thay doéi doc theo chiéu dai
rang

* Do diéu kién an khé&p khoé khan nén dwa vao hé so hiéu chinh 0.85

 Thay banh rang nén rang thang bang banh rang tru rang thang twong
dwong

bwong kinh banh rang twong dwong d, =

SO ring twong dwong Z, = ——
ongTens 97T coss
Ti sO truyén twong dwong u, =u

Mo&men xoan trén banh rang tg dwong
_ 0
COSO;

Tlv




10.3.2 Tinh theo rng suat tiép xuc
Cdng thirc thiét ké - Chieéu dai dwdng sinh mat nén chia (6.116b)

K., T
R, =47.5Vu? +13\/ A

0.85(1 ) Wielloy I°

Céng thirc kiém tra (6.114)

2K TiVu% +1

0.85bd 2,u

UHZMZHZg\/ <[oy]

33



10.3.3 Tinh theo (rng suat uon

Cdng thirc thiét ké - Médun trén mat mat Ié&n (6.119¢)

\/ 2KETYEy
m, =3 2
0.85y,4Z[0F ](1_ O-SWbe)

g b
ml

Cong thirc kiém tra (6.118)

— KFFlYFl <
% = 0.850m, O]
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11. Trinh tw thiét ké bo truyén banh rangq (thiét ké theo tiép xtic)

11.1 Thiét ké bo truyén banh rang tru

Théng s0 ban dau: cong suat P,, s0 vong quay truc dan n,, ti s6 truyén u,
dieu kién lam viéc.

Chon vat liéu, phwong phap nhiét luyén

Xac dinh &rng suat tiép xuc va rng suat uon cho phép

Chon hé s6 y,, Chon so’ bd hé s6 K,

ol

Tinh khoang céach truc a, (Iam tron theo tiéu chuan néu thiét ké hop
giam toc tiéu chuan)

Chon médun m_ = (0.01+0.02)a,,
Xac dinh so6 rang. Tinh chinh xac u

Tinh van toc vong v. Chon cap chinh xac ché tao banh ring

© N o o

Xac dinh lai hé so K,, . Néu sai léch qua 5% so vé&i gia tri so’ bd thi tré

lai bwéc 4
35



9. Kiém tra theo do bén uén

10.Kiém tra qua tai

11. Xac dinh chinh xac cac théng so hinh hoc cta bé truyén

12. Tinh lwc tac dong lén truc

11.2 Thiét ké bé truyén banh rang nén

1.

N o a k0N

Chon vat liéu, phwong phap nhiét luyén

Xac dinh &rng suat tiép xuc va rng suat uon cho phép

Chon hé s6 y,, Chon so’ bd hé s6 K,

Xac dinh chiéu dai cén ngoai

Chon Z,,. Xac dinh m_. Tinh chinh xac ti s6 truyén

Xac dinh médun trung binh. Tinh van toc vong. Chon cap chinh xac.

Xac dinh lai hé so K,, . Néu sai léch qua 5% so véi gia tri so’ bd thi tré
lai bwéc 4

Kiém tra theo dé bén udn 36



10.Kiém tra qua tai
11. Xac dinh chinh xac cac théng so hinh hoc cta bé truyén

12. Tinh lwc tac dong lén truc

HET CHUONG 12
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